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Abstract 
Silicon Heterojunction (SHJ) solar cells represent a key technology to approach very high conversion efficiencies close to the 
theoretical limit of silicon solar cells. The main advantages of SHJ solar cells are a lean production chain with low temperature 
processes and the passivating hetero-structure contact which simultaneously fulfils the passivation and contacting role. For an 
improved passivation a smooth and low-defect concentration surface is required. 
This paper focuses on a new simple, cost effective and production-feasible ozone-based surface conditioning process for the 
controlled rounding and smoothing of textured surfaces applied in SHJ solar cells. The impact of surface conditioning on optical 
and morphological properties is analyzed for alkaline textured surfaces with small to medium and large size pyramids by 
reflection measurements and high resolution imaging methods as scanning electron microscopy (SEM) and atomic force 
microscopy (AFM). 
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1. Introduction 
Both–side contacted Silicon Heterojunction (SHJ) solar cells featuring amorphous thin-film layer stacks enable 
high conversion efficiencies up to 25.1% [1]. To achieve such high efficiencies different features as the front grid 
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electrode, the transparent conductive oxide (TCO), the quality of the a-Si:H layers and the surface structure must be 
carefully optimized. Hereby the passivation quality is in close relation with the surface and interface structure, 
especially if samples with (alkaline) textured surfaces are considered. Surface texturing improves the optical 
properties but simultaneously increases surface recombination due to a surface area Ĝ3 times larger than the planar 
(100) surface [2]. Furthermore, the resulting (111) facets are associated with a higher defect density than (100) 
planes [3,4] and defects at concave and convex surface features (tips and valleys) are supposed to cause epitaxial 
growth of the a-Si:H layer resulting in a reduced passivation quality [5–8]. To overcome the epitaxial growth and 
improve the interface defect density (Dit), in different publications a wet-chemical rounding or smoothing 
(conditioning) of the pyramidal surface is proposed [6,9–13]. In addition it is reported that the passivation is affected 
by the size of the pyramids which is dependent on the preparation method and process recipe [6,10,14]. Based on the 
results described in literature it is assumed that medium to large size pyramids with an average height of 5-15 μm 
and surface coverage with only a low fraction of small (sub-micron) pyramids (especially in the valleys) are 
favorable with the objective to obtain a high passivation quality. For the rounding and smoothing two different 
approaches are commonly used. The first is mainly based on isotropic etching in a (diluted) polish-etch solution 
(HNO3+HF(+CH3COOH)) with the focus on rounding the surface structure [6,10], the second on sequentially 
oxidizing (in HNO3 or H2SO4+H2O2 or hot DI-H2O) and etching (HF or NH4F) the Si surface with the purpose to 
smoothen the interface and reduce the Dit [12,15,16]. In this paper a novel wet-chemical ozone-based approach for 
the conditioning of textured surfaces prior to a-Si:H passivation is presented. 
2. Experimental 
2.1. Sample preparation and analysis 
For the implementation of the rounding and smoothing of the textured surface a diluted solution consisting of HF 
(2.5 g/l) and HCl (5 g/l) in ozonized (30 mg/l) DI-H2O was utilized which additionally offers an improved cleaning 
performance [17]. The process was carried out at a temperature T=30°C in a semi-industrial batch tool. The ozone 
concentration is kept constant during the process by continuous recirculation through an ozone generator which is 
coupled with the process bath. Within this experiment the degree of rounding was adjusted by varying the exposure 
time (1, 4 and 10 min). Considering the impact of the rounding reaction on the size of the pyramids, n-type FZ 
samples with small to medium size (3-6 μm) and large size pyramids (8-12 μm) were prepared in potassium 
hydroxide (KOH) solution in addition with isopropyl alcohol (IPA) (large size) or an commercial available organic 
two component additive (Enlight 121 + 122) from the manufacturer Dow (small to medium size). As the rounding 
affects the reflection, the total reflection at a wavelength of Ȝ=600 nm was measured prior to and after rounding. 
Furthermore the impact of the rounding on the surface morphology was investigated by scanning electron 
microscopy (SEM) of cross sections of the samples and by atomic force microscopy (AFM) of the surface. 
2.2. Impact of the rounding on the total reflection values (optical surface properties) 
With an increasing exposure time a rise of the total reflection values was observed as expected, due to an 
augmented formation of surface structures which are no longer able to provide multiple reflections. Comparing the 
refection values of the samples with medium and large pyramids it was observed that the increase is faster for the 
medium size than for the large size pyramids. Starting from a total reflection of 11.7% (small to medium size 
pyramids) the value increases to 12.1% after 1 min exposure time and to 13.3% after an exposure time of 4 min. 
After 10 min a total reflection of 15.6% was reached. For the large pyramids with an initial reflection of 11.1% the 
value increases to 11.3% after 1 min and 11.8% after 4 min. After an extended exposure time of 10 min the 
reflection amounted 12.4% (see Fig 1). 
It turns out that the etching reaction which occurs during surface conditioning and rounding can already have a 
significant impact on the optical properties and might lead to reflection losses if it is not carefully controlled. 
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Fig. 1. Total reflection values of the textured samples with small to medium and large size pyramids prior to and after the rounding treatment in 
ozone-based solution for different exposure times. 
2.3. Impact of the rounding on the surface morphology 
In Fig. 2 SEM pictures (cross-sections) of textured samples with both pyramid sizes in the initial state (top) and 
after rounding (t=1, 4, 10 min) are compared. As already indicated by the obtained reflection values a more 
pronounced rounding of the pyramid tips and valleys can be observed for the textured samples with small to medium 
size pyramids (Fig. 2, left). 
 
  




Fig. 2. SEM cross section of samples with small to medium size pyramids (left) and samples with large size pyramids (right). First line (top): 
overview image of the samples in initial state after alkaline texturing, line 2-4: images of the pyramid tips after rounding (t=1, 4, 10 min). 
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On the basis of AFM images the degree of rounding is well educible, too. At the tips and on the flanks of the 
pyramids additional facets can be observed with increasing exposure time (degree of rounding). From a comparison 
of the images of the small to medium (Fig. 3) and large pyramids (Fig 4) it is unfortunately not possible to 
distinguish quantitatively if the rounding is more pronounced in dependence on the pyramids size. Further it was 
only partially possible to measure the surface of the larger pyramids because the mechanical displacement of the 








Fig. 3. AFM image of samples with small to medium size pyramids after rounding (t=1, 4, 10 min). 







Fig. 4. AFM image of samples with large size pyramids after rounding (t=1, 4, 10 min). 
3. Summary and conclusion 
It was demonstrated that the degree of rounding has a significant impact on the surface morphology of the 
textured samples. Considering the rise of the total reflection values, the impact of the rounding is more pronounced 
for the samples with small to medium size than with large size pyramids. 
The investigated ozone-based processes offer cleaning and adjustable conditioning within one process step and 
represent therefore a simple and industry-relevant approach as alternative to cleaning and additional rounding (e.g. 
isotropic etching in (diluted) polish-etch solution (HNO3+HF+(CH3COOH)).  
In a next step the impact of the ozone-based surface treatment on the passivation quality will be investigated, and 
a detailed analysis of the interface structure will be conducted to better understand the correlation between optical 
and structural properties with the resulting passivation quality for symmetrical test structures and on cell level. 
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